ADDITION of glucose to respiring ascites tumour cells is known to inhibit the endogenous oxidation (Kun, Talalay and Williams-Ashman, 1951; Racker 1956). This phenomenon is called the Crabtree effect (Crabtree, 1929). The inhibition of the respiration by glucose may be considered to represent the reverse situation of the inhibition of glycolysis by oxygen (Pasteur effect). Just as much as the inhibition of glycolysis is not caused by the oxygen per se but by the respiratory processes, so it seems that the inhibition of respiration is not due to glucose per se but to the glycolytic reactions. Whether also the same basic regulatory mechanism is involved is another question. After it was found that glycolysis and respiration were both dependent upon Pi and ADP, the former process because of the substrate phosphorylations and the latter because of the phosphorylations in the mitochondrial respiratory chain which appeared to be coupled to the oxidations, the possibility of a competition between the two processes was recognized (Johnson, 1941; Lynen, 1941 Lynen, , 1956 Lynen, , 1958. It is now generally assumed that the mitochondrial phosphorylations deprive the cytoplasm of P, and ADP because the requirement for the latter compounds is very much higher in the case of the mitochondrial than of the glycolytic phosphorylations. This results in an inhibition of glycolysis (Pasteur effect) and of the triosephosphate dehydrogenase system in particular as compared with the situation under anaerobic conditions. It has recently been discussed (Chance and Hess, 1956; Racker, 1956; Lynen, 1956 Lynen, , 1958) that another effect may be superimposed upon that described above. ATP formed in the mitochondria, as a result of the oxidative phosphorylations, might not readily equilibrate with the cytoplasm and thus retard the ATPdependent phosphorylation of glucose as compared with the situation under anaerobic conditions in which ATP is exclusively synthesized by the glycolytic reactions in the cell sap. This would explain the decreased glucose utilisation under aerobic conditions.
to the formulation of the mechanism of the Pasteur effect in terms of a competition between glycolysis and respiration for Pi and adenine nucleotides. Since the ratelimiting mitochondrial phosphorylations are uncoupled from the oxidations by DNP, they no longer limit the oxidations, which then proceed at an increased rate. Moreover, the glycolytic reactions may now dispose of the greater part of the cellular Pi and adenine nucleotides, which are no longer required in the mitochondria. Accordingly, in the presence of DNP the aerobic glycolysis may reach the anaerobic level. Kun et al. (1951) were the first to report that the Crabtree effect in the Ehrlich ascites carcinoma was counteracted by DNP. This finding has been substantiated by others (Racker, 1956; Seelich, Weigert and Letnansky, 1956; Kvamme, 1958; Ibsen, Coe and McKee, 1958) . However, enhancement of the oxidation is not the only effect of DNP on the respiratory process of normal cells. Inhibition of the oxidation may also occur at higher concentrations of the uncoupling agent. The mechanism of this effect is not known. It has been suggested that the selfperpetuation of oxidative activity is dependent upon the presence of a certain amount of ATP and that, if the ATP concentration falls below a certain limit, an inhibition of respiration results; some support for this conclusion can be derived from studies with isolated mitochondria (Emmelot and Bos, 1957) and homogenates (Potter and Lyle, 1951) . The optimal conditions for DNP to display the stimulatory effect on the respiration of glucose-supplemented ascites cells have as yet not been determined. Most authors report that the Crabtree effect is counteracted or abolished by DNP, but in many cases it is evident from the published data (compare, for instance, Seelich et al., 1956 ) that after a stimulation of oxygen consumption a phase of inhibition occurs. This phenomenon has received some attention in the present investigation, and it will be shown that, under properly chosen conditions, it is possible to enhance the oxygen consumption of glucose-supplemented ascites cells by DNP to well over the endogenous level.
The present investigations included a study of the effect of DNP on the endogenous respiration, on the respiration in the presence of citric acid cycle intermediates and low glucose concentrations, and of the effect of the pH on the various oxidations. That the competition between respiration and glycolysis occurs at the level of the phosphorylations, as suggested by the effect of DNP, was shown more directly by the effect of citric acid cycle intermediates on respiration and glycolysis in the presence of excess glucose.
MATERIALS AND METHODS
The S3A ascites mammary carcinoma was used in the present investigations (Compare Emmelot and Nout, 1959) . The cells (dry weight 6-9.5 mg.) were suspended in 1-6 ml. Krebs-Ringer phosphate buffer, which contained 0.01, 0.02 or 003 M phosphate of pH . Incubation at 37°C. with air as gas phase.
Oxygen consumption was measured by the ordinary Warburg technique. Lactate was determined according to Barker (1957) . RESULTS 
AND DISCUSSION
The effect of 2:4-dinitrophenol on the endogenous respiration The endogenous respiration of S3A ascites carcinoma cells, incubated in 1-6 ml. Krebs-Ringer phosphate buffer (0-01 M) of pH 7.4 at 37°C. for 60-180 minutes, was only slightly stimulated by DNP in the concentration range of 1-10 x 10-5 M; in some exceptional cases a marked inhibition was found (compare below). The maximal stimulation was usually observed with 5 x 10-M DNP; it amounted to 25 per cent of the 02 consumption of the controls. In the various experiments the effect of 10 4 M DNP varied from slightly inhibitory to slightly stimulatory. One of the experiments carried out with 10 -4, 5 X 10-5 and 10-5 M DNP is illustrated in Fig. 1 Since the endogenous oxidation of the ascites cells was not markedly enhanced by DNP, it might follow that in the absence of the uncoupling agent the mitochondrial oxidations were hardly, if at all, coupled with phosphorylations and already taking place at maximal or near-maximal rate. However, since in the absence of glucose the ascites cells oxidize endogenous fatty acids (Medes and Weinhouse, 1958) by way of the fatty acid oxidation cycle to acetyl-CoA and the latter to CO2 via the citric acid cycle, and since it can be shown that the citric acid cycle oxidations are very markedly enhanced by DNP, it may be concluded that the lack of any marked effect of DNP on the endogenous respiration was due to a lack of oxidizable substrate or even to an inhibition by DNP of the oxidations. The 02 uptake which is actually recorded in the presence of DNP (10-4 M) might thus be the result of two effects of DNP, i.e. an inhibition of part of the oxidation and a stimulation of the oxidation (due to uncoupling) of those metabolites which are still converted by the fatty acid oxidation and citric acid cycles. Table I ) the initial stimulations were the same for the two DNP concentrations. Because the enhancement of the 02 consumption is due to the uncoupling effect of DNP-the highest concentration being the most active in this respect-it follows that 10 4 M DNP also inhibited the respiratory processes during the whole period of incubation in the 0-01 and 0.02 M phosphate medium. Since in the latter media, but not in the 0.03 M phosphate medium, the inhibitory effect of 104 M DNP (relative to the effect of 5 x 10-5 M DNP) manifested itself momentarily and since the pH of the 0.01 and 0-02 M phosphate media did not change during the first minutes in which the inhibition was already apparent, it must be concluded that an intracellular pH change, as a result of the enhanced glycolysis, caused 10 4 M DNP to exert its early inhibitory effect on the respiration. It may be concluded that the inhibitory effect is dependent upon the concentration of both DNP and lactic acid, the latter being determined by the former. The inhibition and final abolishment of the respiration of the cells in the presence of excess glucose and DNP was primarily due to an effect of DNP in a more acid environment and not to the pH change of the medium per se. Table II (Experiment 3) and Table III show that the oxygen consumption in the-presence of excess glucose and in the absence of DNP was not dependent upon the pH but that in the presence of DNP and at low pH a very marked inhibition of the 02-uptake resulted. According to the data of Experiment 1 of Table II and similar experiments, the endogenous respiration of the cells at pH 6.5 was at its most 20 per cent lower than that at pH 7.4, while DNP stimulated at the latter but inhibited the 02-uptake at the former pH. Since in many of our experiments the final pH after incubation with a high glucose concentration amounted to 6.7 or higher (7.4 at the start), the pronounced inhibition of the oxygen consumption by glucose (in the absence of DNP)-a Crabtree effect of 50 per cent was no exception-could not have been due to the pH change as it became manifest extracellularly. Since in this case the endogenous respiration and the respiration in the presence of glucose are compared, and since it is known that a shift in the oxidation of endogenous to added substrates takes place, the possibility might remain that the glucose oxidation was more sensitive to the pH change than the endogenous respiration. However, the opposite was true; the oxidation of 1 mg. of [U-14C] glucose by 200 mg. wet weight of cells was practically not inhibited over a pH range of 7.4 to 6.5 and the respiratory activity of cells incubated in the presence of a high glucose concentration was not (Table III) 7.4
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It is of interest that an intracellular pH change as a result of glucose catabolism by the ascites cells has been considered (Bloch-Frankenthal and Weinhouse, 1957) to be responsible for or to contribute to the inhibition of the oxidative processes. However, it should be noted that the intracellular pH change which caused DNP to exert its early inhibitory effect on the uncoupled oxidation, could be counteracted by increasing the buffer strength of the medium, whereas the inhibition of the oxidation in the presence of glucose alone manifested itself momentarily, regardless of the buffer capacity (0.01, 0.02 and 0.03 M phosphate) of the suspension fluid. Moreover, the fact that the 02 consumption can be enhanced substantially by adding DNP whereas at the same time the lactic acid formation from glucose is doubled, discourages the interpretation that an intracellular pH change per se might be responsible for an inhibition of the hydrogen and electron transport in the respiratory chain. In the latter argament the situation in the presence of DNP and glucose is taken as representative of that in the presence of glucose alone. However, since DNP abolishes the mitochondrial phosphorylation, the possibility might remain that glucose catabolism in the absence of DNP causes an intracellular pH change which would inhibit the rate of the phosphorylations associated with the hydrogen and electron transport in the mitochondrial respiratory chain and thus retard the 02-uptake. To the best of our knowledge, however, the available evidence does not favour this supposition.* (Table IV) . In those cases in which DNP was added after 15 minutes (Table IV , Experiments d and e) the 02-uptake showed an immediate and sharp rise. The stimulatory effect of DNP on the endogenous respiration was more pronounced when the uncoupling agent was added 15 minutes after closing the stopcocks of the respirometers, than when it had been present from the beginning (Table IV , Experiments g and h); a 50 per cent stimulation of the endogenous respiration has thus been obtained. These results indicate that a more pronounced stimulation of the respiration, in the absence or presence of low amounts of glucose, can be effected by DNP when the cells are allowed to mobilize (endogenous) substrate or produce a certain amount of ATP prior to the addition of DNP. In this connection the following results are also of interest. In a few, out of numerous experiments, DNP (5 x 10-5 M, present from the start of the experiment) caused a severe inhibition of the endogenous respiration (Fig. 3) (Fig. 4) , which lasted for a short period of time only. A definite lag time was observed in the 02-uptake which lasted for 10 minutes after the addition of glucose, followed by a recovery in the rate of the 02-uptake so that the overall 02-uptake of the cells in one hour period was not affected. When DNP (5 x 10-5 M) was added together with the glucose no lag in the respiration occurred. DNP showed some stimulatory effect on the endogenous respiration it follows that the two DNP concentrations had a different effect on the endogenous oxidation and that of pyruvate.
The effect of DNP on the respiration of the ascites cells in the presence of succinate was similar to that observed in the presence of pyruvate (Table V) . (ii) The glycolytic inhibition under aerobic conditions was independent of the concentration of a-ketoglutarate in the range of 5-24 ,moles.
(iii) The inhibition of the aerobic glycolysis by a-ketoglutarate and malate was completely abolished by the presence of 10-4 M DNP (Table VI, same result obtained in bicarbonate buffer); only in some experiments with a-ketoglutarate a very slight inhibition remained. In fact, with a-ketoglutarate, glucose and DNP a small inhibition of the aerobic glycolysis might have been expected, comparable in magnitude to that observed under anaerobic conditions as a result of c-ketoglutarate addition. It will, however, be shown in the following paper (Emmelot and Bos, 1959) that DNP not only abolished the oxidative phosphorylation in the respiratory chain but actually activated the mitochondrial ATPases of the ascites cells.
(iv) The inhibition of the aerobic glycolysis by a-ketoglutarate was only observed when mitochondria were present; in 20,000 x g supernatants of disrupted ascites tumour cells no inhibition occurred, whereas after addition of liver mitochondria to the latter system a large inhibition of glycolysis resulted from the extra addition of c-ketoglutarate. Detailed results of these experiments will be reported separately. Comment.-The latter experiments prove that mitochondrial oxidations and extra-mitochondrial glycolysis are competitive reactions; they also strongly suggest that the competition occurs between the phosphorylations which accompany the two processes in intact ascites tumour cells, or at least that mitochondrial oxidative phosphorylations are inhibitory to glycolysis. The marked enhancement by DNP of the oxidation of pyruvate and succinate (two substrates which do not give rise to the Crabtree effect) also clearly shows that in the absence of glucose the rate of functioning of the citric acid cycle is dependent upon the accompanying phosphorylations in the respiratory chain. Since the respiration of the glucoseinhibited cells (< endogenous respiration) and the respiration in the presence of the citric acid cycle intermediates pyruvate and succinate (>, endogenous respiration, glucose absent), could be raised to the same high level by abolishing the mitochondrial phosphorylations, it follows that the Crabtree effect (inhibition (Emmelot and van Vals, 1957; Emmelot and Bos, 1959 ) that the energy (ATP) derived from the endogenous oxidations of the ascites tumour cells is equivalent to that derived from aerobic glycolysis plus glucose oxidation, or from anaerobic glycolysis, in sustaining amino acid incorporation into the proteins of the ascites cells. A similar conclusion has recently also been reached by Quastel and Bickis (1959 This competition leads to a marked inhibition of the glycolysis by respiration (Pasteur effect), of the endogenous respiration by g]ycolysis (Crabtree effect), of the aerobic glycolysis when the respiration in the presence of excess glucose is enhanced by adding citric acid cycle intermediates, and also to a small inhibition of the anaerobic glycolysis when the cells are allowed to metabolize glucose and a-ketoglutarate simultaneously.
